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BsmmosIHeHO IIpOrHo3supoBaHue BePOATHBIX 


CHCHaApHCB BOSHUKHOBCHUA aBapHUHbIX pa3JIHMBOB 


He@TelpOyKTOB TIpu OCYIIeCTBIICHHH 
Tleperpy30uHOH JIeATesIbBHOCTH Ha aKBAaTOPUH. 
PaccMOTpeHbI OCHOBHbIC IIPW4YHHbI BO3MO%KHBIX 


apap, K KOTOPBIM OTHOCATCA pa3JIM4HbIe BHIbI 
MOBPexKTCHHA Y3JIOBbIX KOMMOHECHTOB IlepeJIMBHOTO 
oOopyHoBaHHA pH TpoBeyeHuu Torpy304Ho- 
pa3srpy304UHBIX oOnepallM¥w Mex]y cyyaMu. 
BbITOJIHCHBI pacueTbI OOBEMOB HW MACC ABAPHHMHBIX 
pa3IMBOB JIM3eJIbHOrO TOIIJIMBa, BaKYyYMHOTO 
ra30HJId WH Ma3yTa B 3aBHCHMOCTH OT yCIIOBHU 
BO3HUKHOBeCHHA aBapui. OTMeyeHa MpakTMyecKad 
padorTHI, oOslacTu 


S3HAYUMMOCThL YKa3aHbl 


IIDMMCHCHHA TOJTYAICHHBIX PesyJIbBTAaTOB. 


Kuo04ueBble CJI0OBa: He@TelpOyKTbI, aBapHitHblit 


pa3JIMB, IIPOrHO3HpoBaHHe, KOJIM4eCTBeEHHAA 


oleHKa 


BBejenne. CoBppeMeHHbIM MUp  TpyAHO 


IIpeqCTaBHTb 6e3 Macell HW TOLJIMBA, ObITOBOM 


XHMMMUW, MeJMIMHCKUX IIpelapaToB, OK bI U 
OOYBH, COBPeCMeCHHBIX JOPOXKHHIX MOKPbITHM. ITU U 
mpyrwve Oyara WMBMIM3aIMH B 3HadHMTeIbHOM 
CTeIMeCHU ABJIAIOTCA pe3yJIbTaTOM IIpeoOpa30BaHHA 
HedtempoyyKtTos [1, 2]. HedrempoaxykTbs1 — 9To 
CMeCH YIIeCBOJOPONOB, a TaKxKe HMHIMBULYyasIbHBIe 


XUMUYCCKHS COCTMHCHUA, TOJTYAACMBIC U3 He@Tu Gt 
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The article presents the performed forecast of 
probable scenarios of accidental oil spills in 
transshipment activities on the water. It 
considers the main causes of possible accidents, 
which include various types of damage to nodal 
components of transshipment equipment during 
loading-unloading operations between ships. 
The authors have carried out the calculations of 
volumes and masses of accidental spills of 
diesel fuel, gasoil and fuel oil depending on the 
The 


practical significance of the work, along with 


conditions of occurrence of accidents. 


the scopes of the results obtained is discussed. 


Keywords: petroleum products, accidental 
spill, forecasting, quantitative assessment 


The world 1S 


inconceivable without oil and fuel, household 


Introduction. modern 


chemicals, medicines, clothes and _ shoes, 
modern road surfaces. These and other benefits 
of civilization are largely the result of 
petroleum products processing [1, 2]. Petroleum 
is a mixture of hydrocarbons, as well as 


individual chemical compounds derived from 
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He@TAHbIX ra30B. K He@TelposyKTaM OTHOCATCA 


pa3uM4Hble BUbI TOMMBa (OeCH3HH, KepOcHH, 


JIM3eCJIbHOe TOMJIMBO, Ma3yT, BAKYYMHBIM Ta30MJib 
mp.), 
SIIEKTPOH30JIAIMOHHBIe CpeyIbl, pAaCTBOPUTeIM U Tp. 
[1]. 


OueBuH HO, 4TO WOOHIMAa HedbTu UIpaeT BaxKHYIO 


CMa304UHBbIeC MatTepWaJIbI, 


poub B MMpOBOM pa3BuTHH. OgHako He@Tb U 
IIPOJLYKTbI e€ TepepaOoTKH B Ciry4ae MOCTYMIeHuA 
B OKpyKalollly!O Cpeyty CTAHOBATCA OMAaCHbIMH JIA 
yYeIOBeKa, PaCTHTeJIbHOrO HW X2XUBOTHOrO Mupa [3, 
4]. 

ABapHiiHble pa3JIMBbI HePTU MU He@TeMpOYKTOB, 
BOSHHKarolle oObeKTAaX 


We@pvOTW4eCCKH Ha 


He@TeqoOObI4H HU HeTenepepaooTKH, a TakxKe pu 
HeMTelpOJLyKTOB, 
ABIIAIOTCA TIPM4YMHAMM Cepbe3HbIX IKOJOFMYeCKUX 


TpaHCIOpTHupoBKe yacTo 
KaTacTpod), KOTOpbIec HAaHOCAT 3HAY4HTeCJIbHbIM Bper 


IIDMpOJHbIM IKOCHCTCMaM, IIDHMBOAAT K 


HeraTHBHbIM %9KOHOMHMYeCCKUM UH COI[MaIbHbIM 
TOcueCTBUAM [1, 4]. 

B HacToallee BpeMA, B CBA3H C H3MCHHMBILNCHCA 
3a MOcHeqHve TOAbI MOJMTMYeECKON cuTyalMen, 
MopcKHe IOpTbl YepHOMOPCKOrTO ToOOeperxkba 
Poccuw MOyaMIM HOBbIM MOIIHbIM TOU4YOK K 
MHTCHCHBHOMY pa3BHTHIO, KOTOPOe IIPOABHJIOC, B 
TOM 4HCJe, B pe3KOM pocTe rpy30000poTa HedTu U 
HeMTelpOJYKTOB. ITO, B CBOKO OYepe sb, IPUBeJIO K 
YBeJIM4eHUFO 


YdaCTOTBI Gt BCpOATHOCTH 


BO3HHKHOBeCHHA ype3BbI4anHbix CUT yallun, 
CBA3AHHbIX C aBaPHMHbIMH IIpOMBaMu Heq@Tu u 
He@TeHpOAYKTOB Ha BOJIHYIO TOBeEPpXHOCTb HU 
HeraTHBHbIM BO3JICEHCTBHe€M TaKHX pa3JIMBOB Ha 
okpyxKaromltyio cpeny [l, 3, 5]. 
Q9KONOrMYeCcKHe TOCIeXICTBHA pu %XTOM HOCAT 
TpyHO 

He@TaAHOe 


Bo3MO2KHBIe 


YUUMTbIBACMBIN = XapakKTep, 


HapyllaetT 
e€CTECTBCHHBIe IIpOMeccbl WH B3aMMOCBA3H B BOJHOM 


TIOCKOJIBKy 


3alpAsSHCHHe MHOrHe 


cpeye [3, 6]. Juma opraHu3amuu sddeKkTuBHOU u 


ObICTpOH JIMKBUAalMH MOpcKHx  HedTAHBIX 


pa3MBOB HU 3alllMTbl OT HUX MpHOpexkHbIXx 


TeppuTopun 4ype3BbI4anHo BaxKHO 
3a0JIarOBpeMeHHO = IIPOrHO3HPpOBaTb BePOATHOCTh 


BOSHHKHOBCHHA aBapHMHbIX CHTyallMW B MecTax 


OCYII|eCTBJICHHA MHTCHCHBHOU leperpy3Ku 
He@TelpOLyKTOB, a TakoKe BbIIOJIHATb 
9://bps-journa 





petroleum and petroleum gases. Oil products 
types of fuel 


kerosene, diesel fuel, fuel oil, vacuum gas oil, 


include various (gasoline, 


etc.), lubricants, electrical environments, 
solvents etc. [1]. 

It is obvious that oil production plays an 
important role in the world development. 
However, oil and products of its processing if 
enter the environment are dangerous to human, 
plant and animal life [3, 4]. Accidental spills of 
oil and oil products that could occur at oil 
production facilities and refineries, and in 
transportation of oil products, are often the 
environmental disasters, 


causes of serious 


which cause significant harm to natural 
ecosystems, lead to negative economic and 
social consequences [1, 4]. 

Currently, due to the changed in recent years 
political situation, the seaports of the Black sea 
coast of Russia have received a powerful new 
which 


appeared, in particular, in the sharp increase of 


impetus to intensive development, 
turnover of oil and oil products. This, in turn, 
has led to an increase in the frequency and 
probability of occurrence of emergencies 
connected with accidental spills of oil and oil 
products on water surface and the negative 
impact of such spills on the environment [1, 3, 
5]. Potential environmental impacts in this case 
are difficult to estimate as oil pollution violates 
many of the natural processes and 
interrelationships in the aquatic environment [3, 
6]. For effective and rapid elimination of 
marine oil spills and protection of the coastal 
areas it 1s extremely important to predict in 
advance the probability of occurrence of 
emergency situations in places of intensive 
transshipment of oil products, and to perform a 


quantitative assessment of potential negative 


_———. 


> A / 


-OULH A ct 


Safety of Technogenic and Natural Systems 





KOJIM4CCTBCHHYIO OICHKY MAaClIlITaOOB BO3MO%KHBIX 
HeraTHBHBIX BO3JICHCTBHH. 


I[porHo3upyeMble aBapHiiHbie cuTyalHn. 
OnHuMH 43 =HaMOoree => pac IpocTpaHEHHBIX 
HeTempOyKTOB, lleperpy3ka KOTOPbIX 


IIPOW3BOAMTCA B MeCTAX PaCIOJIOXKCHUA PeHOBbIX 
Tleperpy304HbIX PaHOHOB Ha aKBATOPUAX MOPCKHX 


HOpTOoB YepHoOMOopcKoro odepexbaA Poccuu, 


ABJIAIOTCA Pa3IMUHble BUI TOMIMBA, B TOM 4HCIIe 
BaKYYMHBIN Ta30HJIb, Ma3yT, TH3eIbHOe TOLJIMBO. 
Ileperpy3ka TOIJIMBA 


Ha aKBaTOPHAX 


IIPOM3BOJHTCA, KaK WpaBuJlI0, 10 BapuaHTy «OOpT 


Oop™ 4epe3 CYJIHO-HaKOIIMTeJIb C 
MCIOJIb30BaHHeM CYJOB-HPHBO3YHKOB HU CYJIOB- 
OTBO34HKOB, 


KOTOPbIMH CLyKaT 


cya 
(He@TAHbIe TaHKepbl) C JBOMHbIM KOpMycoM Uu 


cliellMasIM3MpOBaHHble = HedTeHasIMBHble 
Tpy30BbIMH TaHKaMH pa3sIMYHOM BMeCTHMOCTH, 
pacHiOJIOXKeHHbIMH WapaseIbHO 110 OOOMM OopTaM 
cyqHa [7, 8]. Ileperpy3ka HedTempoyKTOB c cyqHa 
Ha CYyHO OCYIIe€CTBIIACTCA B ABTOMaTHUCCKOM 
P@xKUMe 3aKPbITbIM CHOCOOOM Cc HCIIOJb30BaHHeM 
HacocHOro 


oOopyOBaHHA, TPpy30BbIx 


TpyOOMpoOBO0B, THOKHX IJIAHTOB, 
OOopyOBaHHBIX (aHWaMu, 3arryuiKaMyu UT. 11. [7, 
TeXHOJIOPMH 


8]. IIpumensempre leperpy3Ku 


MO3BOIAIOT WpeMouaratb, YTO BO3SHHKHOBeHHe 
pa3uIMBOB He@TelpOAyKTOB Ha aKBaTOPHH MO%*KeT 
IIpOHW30HTH BCIIEACTBMe yTeukKH HedTerpy3a B 
aBapUMHBbIXx 


pe3ybTaTe HV KelMepeuuCcJIeHHbIx 


CHTyauMi, OOYCJIOBJICHHBIX, B TOM 4UCIIe, 
pa3IM4HbIMH BUaMM MOBpexJeHHA WepesIMBHOTO 
oOopyOBaHuaA: 

1) Manloe NOBpexeHHe Neperpy304HOro WWIaHra; 

2) wWepesmB (MepenouHeHve) py30Boro TaHka 
CyHa Ip NOrpy3ke; 

3) 4aCTHYHBIM pa3spbiB Weperpy304HOro MWIaHra; 

4) NOJHBIM pa3pbIB Teperpy304HOro IwaHTa; 

5) noBpexaeHve Oopta WIM Hua Mpy30Boro 
TaHKa CyJIHa; 

6) oBpexyqeHue JBYX CMeC%KHBIX Ipy30BbIX 
TaHKOB B_  pe3ylIbTaTe epeloMa cyjHa (Tak 
Ha3bIBACMbIM HOPMAaTHBHbIM pa3iuB c 50% 
ONOpO2KHeEHHeM TaHKOB [9]). 

KommuecTBeHHad OleHKa OObEMOB HU Macc 


HeTelpOJYKTOB, KOTOPble MOryT HOCTYHUTb B 
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impacts. 


Predictable emergencies. Among the most 
common petroleum products, transshipment of 
which is produced in_ the  roadstead 
transshipment areas of seaports of the Black sea 
coast of Russia there are different types of fuel, 
including vacuum gas oil, fuel oil, diesel fuel. 
Transshipment on the water is made, as a rule 
"Board to Board" through the ship drive with 
the use of ships that come and go, which are 
special tankers (oil tankers) with double hull 
and cargo tanks of different sizes, arranged in 
parallel on the both sides of the vessel [7, 8]. 
Transshipment of petroleum products from 
vessel to vessel is carried out automatically by a 
closed method using pumping equipment, cargo 
pipes, and flexible hoses equipped with flanges, 
plugs, etc. [7, 8]. The applied technology 
suggests that the occurrence of oil spills in the 
waters can occur due to leakage of oil cargo as 
a result of the following emergency situations, 
including different types of damage to the 
equipment: 

1) small damage to a handling hose; 

2) overflow of the cargo tank of the vessel 
during loading; 

3) partial tear of a handling hose; 

4) complete tear of a handling hose; 

5) damage to the board or the bottom of a 
cargo tank of a vessel; 

6) damage to the two adjacent cargo tanks as 
a result of the fracture of the vessel (so-called 
regulatory spill with 50% emptying of the tanks 
[9]}). 

Quantitative assessment of the volume and 


mass of oil that can enter the waters as a result 


> A / 


( SF JI » / 


Safety of Technogenic and Natural Systems 





aKBAaTOPUFO BCJICHCTBUC pecasjIv3aluu 
IIDOPTHOSUPYCMBbIx CHCHapHeB aB apUMHbIX 
CUT yallMn, BbUIOJHATACh B COOTBCTCTBYUU C 


pekomeHyauuamu [9-13]. 
YTeuwka Hed@rerpy3a B pe3yJIbTaTe MaJIOro 


NOBpekKieHHA Teperpy304uHoro wwianra. B 
ciyyae oOpa30BaHHA Malloro ToOBpexseHuA 
leperpy30uHoro WivlaHra (CKBO3HOM CBHI, 


TpellMHa, HeMJIOTHOCTb (uaHIeBoro COeMHeCHHs) 


He@TelipowykTa 
OTBepCcTHe COCTAaBHT: 


pacxoy yepe3 aBapHiiHoe 


py 


-d 
O=n-— [2-9-H, (1) 


rye d3, — SKBUBaJIeCHTHbIM JMaMeTp aBapHHHoro 
oTBepcTus; d,, = 25 MM — OJMH U3 OCHOBHBIX 
pa3MepoB, TIPHMHUMaeMbIX IIpu NMporhHo3supoBaHuu 
fi, 
onpeyesIAeMbIN 


aBapuli @€MKOCTHOrO oOopyOBaHHA; 


KooPuWMeHT ucTeyeHHA, 
BA3KOCTbIO TepeKaYMBaeCMOH  KUIKOCTH, TIpu4yemM 
JIA IIPMHATOTO pasMepa ABAPUMHOTLO OTBEPCTHA A>x, 
BUJIOB 2KUJIKOCTeH (1H3eJIbHOe TOIJIMBO, 
BaKYYMHBIii ra30WJIb, Ma3yT) HU pexKUMOB UCTe4eHHA 
(kpuTepun Re) BesmuuHa Ww coctaBisaeT 0,73-0,78; 
g = 9,81 m/c” — ycxopenue caobogHoro nagzeHua: 
H — uxanop, oOyciOBIeHHBIM aBieHuem P B 
aBapHHHOM Ce4eHHu, M; (akTHYecKHe 3HayeHHA P 
JIA THMOBOLO HaCcOCHOrO OOOpyAOBaHHA HE*TAHBIX 
TaHKepOB COCTAaBIIAFOT 2—3 Kr/cM’, CIE MOBATeEJIBHO 
H = 20-30 M. 
OObEM pa3sIMBa: 

V =60-Q-t, (2) 
t —  BpeMA OCTaHOBKH [lepeKauKH; B 
COOTBeETCTBUH C [13] pacuéTHOe BPeMA OTKIIEOUCHUA 


rae 


TPpYOOMpOBOAOB IIPH OTCYTCTBHU pe3epBUpoBaHHuA 
QJIEMeHTOB ylipaBlIeHua cocTaBlaaeT 120 c, npu 
PYIHOM ypaBJICHH OTKIFOUCHHA TPyYOOMpOBOJOB 
— 300 c. B HacTostem pacyéte mpuHato t = 120 c. 
TakuM oO0pa30M, MaKCHMAaJIbHbIM OObBEM 

pa3iuBa HeQTelposyKTOB B pe3ybTaTe MaJIOoroO 
MOBpexK CHUA lleperpy304HOro m1aHra, 
paccuuTaHHbIi 10 PopmMysiam (1)-(2), cocTaBiaet V 
=1,1m. 

IInoTHoctTs HedtenpozyKtTos mpu 15 °C papa: 
ma3yT (Mapka M-100) — 994,2 xr/M”; qu3ebHOE 
TommmBo (10 TOCT 305-82) — 831,1 Kr/m’; 


BaKYYMHBIii ra30MJIb (MapKu A u b) — 920,6 Kr/M 
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of the predicted emergency scenario was carried 
out in accordance with the recommendations [9- 
13]. 

Leakage of oil cargo in the result of a small 
damage to the handling hose. In case of small 
damage to the handling hose (through a hole, 
crack, loose flange connection) flow rate of oil 


through the escape hole will be: 


2 


Q=w Oe gH, (1) 

where d3k — the diameter equivalent to the 
accident hole; d3k = 25 mm — one of the main 
dimensions adopted in the prediction of tanks 
accidents; 4. — the coefficient of discharge, 
determined by the viscosity of the fluid, and for 
the accepted size of the accident hole dok, kinds 
of liquids (diesel fuel, vacuum gasoil, fuel oil) 
and flow rates (criterion Re), the value of wu is 
0,73-0,78; g = 9,81 m/s2 free fall 


acceleration; H is the head flow determined by 


the pressure P in the emergency section, m; the 
actual values of R for standard pumping 
equipment of oil tankers are 2-3 kg/cm2, and 
therefore, H = 20-30 m 
The volume of the spill: 


V =60-0-t, (2) 


the stopping time of the 


transshipment; in accordance with [13] the 


where f¢ 1S 


estimated time to shutdown pipelines with no 
redundancy of controls is 120 s, for manual 
300s. In this 


calculation it is accepted that t = 120 s. 


control the shutdown 


Thus, the maximum volume of oil spill in the 
result of a small damage to a handling hose, 
calculated according to the formulas (1)—(2) is 
V=1,1 m. 

The density of oil at 15 ° C 1s for fuel oil (M- 
100) — 994,2 kg/m”; diesel fuel (GOST 305- 
82) — 831,1 kg/m’: vacuum gas oil (grade A 
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[14]. CreqoBaTembHo, Macca pa3IMBIIMXca 
He@TelpOYKTOB Ip paccuuTaHHOM OObEMe 

1,1 m° cocrapmser: mMa3yT — 1,09 T; qu3erbHOe 
TomIMBO — 0,91 T; BaKyYyMHBIH ra30nb — 1,01 T. 


YTeuwka Hedrerpy3a B pe3yJIbTaTe NepeHBa 
(lepenoJIHeHHA) Ipy30Boro TaHKa cyiHa pH 
norpy3ke. IIipH  BbIMOJHeEHHH NOrpy304HO- 
pa3srpy304UHBbIxX Olepaluu cyllecTByeT OMacHOCTb 
BOSHHKHOBeCHUA 


llepesimBa (IlepelloJIHeHusA) 


Tpy30BbIX TaHKOB B_ pe3yJIbTaTe OLIMOOUHBIX 
eHcTBuu (Oe3eHcTBUA) MepcoHasa W/MIM OTKa3a 
TeXHH4eCKHX 


CpeJCTB. OrpeyemeHue 


KOJIM4eCCTBCHHBIX apaMeTPpOB pa3JIMBa- B 
pe3yibTaTe NOJOOHOM aBapuHu OCHOBAHO Ha OI[eHKe 
CBEPXHOPMAaTHBHOrO BPeMeHH TMOMpy3KH TaHka, 
korga Wocne 3an0uHeHua ero WomHOrO (100%) 
oOBEeMa, NPOMCXOANT NOcTylIeHve HedtTerpy3a Ha 
llayOy 3arpyKaeMoro cyqHa UH, B laJIbHelIeM, B 
aKBaTOPHI0. 

BenmunHa moqauu Tpy30BbIX HacocoB cyHa, 
OCYINeCTBIAIOWerO HOrMpy3ky, B 3aBeplilarollen 
yacTH Morpy3ku coctaBiaet QO = 600 m’/4 (0,167 
m/c) [8], a CBepXHOPMaTHBHOe BPeMA TOIpy3KU JO 
eé ocraHoBKu — ft = 300 c [13]. [pu 9Tom Ha 
namyOy 3arpykaemoro cyyHa MoctynuT qo 50 Mm” 
HeMTelpOYKTOB, MOJIOBHHa KOTOPbIX MOKeT OBITb 
yuepskaHa KOHCTpyKiMei MastyObl, a MOUOBMHA, T. 
e. okon0 25 Mm’, nonayér 3a OopT B aKBaToputo [7]. 
C yyéToM TIOTHOCTH HedTenpozyKTos [14], ux 
Macca IIpH aHHOM OOBEMe COCTAaBHT: JM3eJIbHOe 
TOMNIMBO — 20,8 T; BaKYyMHbIM ra30vIb — 23 T; 


Ma3yT — 24,8 T. 


Yreuka Heq@Terpy3a B pe3yJIbTaTe 4acTHYHOTO 
pa3pbipa Meperpy304uHoro wiiaHra. B 9TOM 
ciyyae OOBEM [porHo3supyemMoro 
(bopmMysie (2) lIpu 


MaKCHMAaJIBHOUW Moyaye rpy30Boro Hacoca QO = 3500 


pa3JmmBa, 
onpeesIeHHbIN 110 


m’/¢ [8], cocrasut V = 292 um. IIpu sTrom yureHo 


JONOJHUTEIbHOK HelliTaTHOoU 


Hapaly Cc 
WaHra  IpoOw3oriles 


BOSHHUKHOBCHHE 


CHTyalluin, KOT ya Ppa3spbIBOM 


lleperpy304HOro OTKa3 


almlapaTypbl OTKIHOUCHHA TpyOompoBoya U 
moTpeOoBayica Wepexoyq Ha pyyHoe yipaBseHne, 
TOITOMY BPCMA OCTaHOBKH epeKaykKH (f B 


(bopMyye (2)) IpHHaTO paBHbIM 300 c [13]. Becb 
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ru — a 


and B) — 920,6 kg/m [14]. Consequently, the 

mass of the spilled oil with a calculated volume 
of 1,1 m° is for oil — 1,09 t; diesel fuel — 0,91 
t; vacuum gas oil — 1,01 t 

Leakage of oil cargo in the result of 
overflow of the cargo tank of the vessel 
during transshipment. In loading and 
unloading operations, there is a risk of overflow 
of the cargo tanks in the result of erroneous 
actions (omissions) of staff and/or failure of 
technical equipment. Determination of 
quantitative parameters of the spill as a result of 
this accident is based on the estimate of the 
excess time of tank loading, when after filling it 
to full volume (100%), there is a flow of oil 
cargo on the deck of the vessel and, further, into 
the waters. 

The rate of the cargo pumps of the vessel is 
responsible for loading, in the final part of the 
loading it is Q = 600 m°/h (0,167 m’/s) [8], and 
excessive loading time to stop is t = 300 [13]. 
At this up to 50 m° of petroleum products will 
go to deck of the vessel, half of which may be 
retained by the construction of the deck, and the 
other half, 1.e., about 25 m’, will fall overboard 
into the waters [7]. Taking into account the 
density of petroleum products [14], its mass for 
a given volume will be for diesel fuel — 20,8 t; 
vacuum gas oil is 23 tons; fuel oil — 24,8 t 

Leakage of oil cargo in the result of partial 
tear of a handling hose. In this case, the 
projected spill volume calculated by the 
formula (2) with a maximum flow of the pump 
Q = 3500 m*/h [8], will be V = 292 m°. This 
include additional non-standard situation, when 
along with a gap in a handling hose, the 
pipeline shutdown equipment failed and there 
was the need to switch to manual control, so the 
stop time of pumping (¢ in the formula (2)) was 


equal to 300 [13]. The entire loss of oil cargo in 


= = ao > eal ao of ae ane 
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OOBEM yTeyKH HedTerpy3a pw MoOOOHOM 
aBapHHHOM  cCIlecHapHw MO%XKeT MOCTYNHTb B 
MOpcKy¥O cpewqy. C yyéTOoM  MOTHOCTH 


pa3iMuBmMuxca HedpTemporzyKTos [14], ux Macca npu 


paccuHTaHHOM OObeéMe COCTaBHT:  JH3eJIbHOe 
TOMNIMBO — 242,7 T; BAKYYMHBIM ra3o0vsIb — 268,8 


T; Ma3yT — 290 T. 


YTeuka He@tTerpy3a B pe3yJIbTaTe M0JIHOTO 
pa3pbiBpa 
Pa3repMeTH3alIMA Tpy30BOro IaHra C pa3pbIBOM 


leperpy304HOro Wana. 
Ha MoIHOe CeYyeHHe BO3MO2%KHa pu HecoOmroAeHHuu 
lipeqmucaHui cepTu@ukaToB, WpaBMl WU ycIOBUi 
CYINeCTBYIOIIHX 

BHeIIHUX 


9KclilyaTauuu, HapyilleHuax 


orpaHu4eHuh, HepacueTHBIXx 
BO3JICHCTBUAX HT. YT. B WaHHOM CJly4ae BeCb OOBEM 
pa3uMBUMxca HedTempoqyKTOB C _ BBbICOKOM 
CTCNCHbIO BEPOATHOCTH TOCTYNUT B aKBaTOPHKO. 
IIporHo3upoBaHve OObEMOB BO3MO2%KHBIX Pa3JIMBOB 
He@tTerpy3a CBOWMTCH K OMmpeyesyIeHHIO BpeMeHu 
aBapMHHOrO MCTCYCHHA MPOWyKTa B OKPy2Katrolllyto 
cpey pW pacue€THOM pacxoye B_ Illanre 


JA 


MaKCUMaJIBHOTO BDCMCHW HeCpeCKpbITHA WOTOKa f= 


(CKOpocTu NOrpy3KH/BbIrpy3KH). 


300 c [13], c yaérom dopmyspr (2) u WHOTHOCTH 
[14], 
IIPOFHO3HPYeMBIX pa3JIMBOB COCTABIIAIOT: 


HeMTelpOYKTOB OObEMbI HU  Maccsl 

1) V = 100 mw’ — upm norpy3Ke cygua u 
pacxone QO = 1200 m’/u (0,333 m/c) mpu pabote 
II€CTH HaCOCOB C MaKCHMaJIbHOM ToOnaven 10 200 
m/a [8]. Maccpr pa3HBIUMXxcA HeTeMpOAyKTOB: 
JM3ebHOe TONIMBO — 83,1 T; BAKYyYMHbIM ra30MJIb 
— 92,1 T; ma3yT — 99,4 T; 

2) V = 583 m — mpu BpIrpy3Ke cyqHa u 
pacxoge QO = 7000 m/a (1,94 m/c) up padote 
JIBYX HACOCOB C MaKCHMasIbHON Togayen 7000 we/4 
[8]. 


AWU3SCJIbBHOC TOINIMBO 


Maccsi HeEMTeMPOYKTOB: 
484.5 7; 


ra30nvsib — 536,7 T; Ma3yT — 579,6 T. 


pa3sIMBIUMXcA 


BaKYYMHBIM 
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such emergency scenarios may come into the 
marine environment. Taking into account the 
density of the spilled oil [14], its weight by the 
calculated volume will be for diesel fuel 242,7 
t; vacuum gas oil — 268,8 t; fuel oil — 290 t, 


etc. 


Leakage of oil cargo in the result of the 
complete tear of a handling hose. 
Depressurization of the handling hose with the 
rupture on the total cross section is possible if 
the 
requirements of the certificates, terms and 


there are failures to comply with 


conditions of use, violations of existing 
restrictions, unplanned external influences, etc. 
In this case, the entire volume of the spilled oil 
with a high degree of probability will go into 
the waters. Prediction of the volume of potential 
spills of oil cargo comes down to determination 
of time of an emergency leakage of the product 
into the environment having the estimated flow 
rate in pipe (speed of loading/unloading). For 
the maximum shutdown time of flow t = 300 
[13], taking into account formulas (2) and oil 
density [14], the volume and mass of the 
projected spills are: 

1) V= 100 mw during loading of the vessel 
and Q = 1200 mh (0,333 m°/s) when six 
pumps with max flow of 200 m°/h are in 
operation [8]. The mass of the spilled oil will be 
for diesel fuel - 83,1 t; vacuum gas oil — 92,1 t; 
fuel oil — 99, 4 t; 

2) V = 583 m3 during unloading of the vessel 
and Q = 7000 mvVh (1,94 m°/s) when two 
pumps with a maximum flow of 7000 m°/h are 
in operation [8]. The mass of the spilled 
petroleum products will be for diesel fuel 484,5 
t; vacuum gas oil — 536,7 t; fuel oil — to 579,6 
t. 
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YTeuka He@tTerpy3a B pe3yJIbTaTe 
noppexieHHx Oopta H/MIM AHMINAa cy_{Ha. 
Pa3smuB = =69He@TH HU - HedrelposxyKTOB mp 


TOBpexKeHHU OopTa H/MIM WHUMIIa CyHa MOXKeT 


IIpoOu30uTH, HalipuMmep, B pe3yIbTaTe 
CTOJIKHOBe€HHA, IPH yoape CTOPpOHHero cyyqHa WIM 
mocaqkKw Ha MeJlb. QOmMMuUpH4ecKOe 3HayeHHe 
oOmero pa3IMBa TpH WOBpexyeHun Oopta u/uM 
Huma TaHkepa onpeyessetca cormacHo [12]. 
Benmunna oOmtero pacueTHOro pa3IMBa 
IIpeycTaBdeT COOOM HeNOJIHYIO CYMMy OOBEMOB 
Ppa3JIMBOB IIpH BEpOATHOM NlOBpexkTeHHU Oopta (Q,;) 
MW Hula (Q,) cyqHa, M”: 

O,6u = 9,4: Q. +.0,6-Q,. (3) 


TakuM o0pa30M, corsacHo dopmysie (3), B 


COOTBeTCTBUH Cc MeToAMKON [12], BeposxATHBIe 
pa3IMBbI 1p NOBpex7eHuH OopTa U JHUIa cyHa 
ONpeeIAKOTCA = OTAebHO, a nmocne 9TOrO 
ollpeqeumeTcaA OOM peso uaraeMbIi pa3zJIMB. 

cyjIHa 


MOBPCoaK CHUA 


B  ciyyae noBppexgeHua Oopta 


KOIMPMUIMEHT BepOATHOCTH 


Tpy30Boro TaHka coctTaBuT | 12]: 


-(1-% x Lily 
de Le. L, +1. 


rye s; = 2,6 — paccrosHue OT HapyxXHOH 


(4) 


OOIIMBKH Kopliyca JO rpaHulbl Tpy30Boro TaHka, 
M; fe = B/5 = 10 — TonepeyHad NMpOTs*KEHHOCTB 
NOBpexeHHA Oopta, M; B = 48 — wimpuHa cya, 
M; J; = 33,6 — jumuHa rpy30Boro TaHka, M; [. = 


y, PP = 14 — TIpOOIbHad IpPOTAX*KCHHOCTh 


NOBpexyeHHA Oopta, M; L = 274 — jyimua cya, 
M; L; = 264 — ymHa MexK]y WepesqHenw u 3aqHen 
OKOHeC4UHOCTAMH Ipy30BbIX TAaHKOB, M [7, 8]. 

koomdulveHT BeposATHOCTU 
BBULY 
HOBpexeHHA OopTa cysHa, paccuMTaHHbIM 0 


TakuM o0pa30M, 


NOBpexK TeHHA Tpy30Boro TaHka 
(bopmMysie (4), cocTaBisaeT g, = 0,125. 
OObBEM TIpOrHO3upyeMoro pa3IMBa 43 rpy30Boro 


TaHkKa IIpu WOBpexTeHuU Oopta cyguHa [12]: 


Q.. = Vis (5) 


3 
roe V; = 14841,2 mM — = mMakcuMasibHaa 
BME€CTHMOCTb rpy30Boro TaHka [8]. 

TakuM o0pa30M, o0beEM  fpesMouaraemoro 


pa3IMBa W3 rpy30BOro TaHKa IIpH NoOBpexTeHHu 
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Leakage of oil cargo in the result of the 
damage to the sides and/or bottom of the 
vessel. Oil and petroleum products spill in the 
result of the damage to the board and/or the 
bottom of the vessel can occur, for example, in 
a collision, collision with a third party vessel or 
running aground. The empirical value of the 
total spill damage to the board and/or the 
bottom of the tanker is determined according to 
[12]. The total estimated spill is a partial sum of 
the volumes of spills at a probable damage to 


the side (Q,) and bottoms (Q,) of the vessel, m: 
O56 = 9,4: Q. + 0,6-Q,. (3) 

Thus, according to the formula (3), in 
accordance with the methodology of [12], the 
probability of a spill in the result of the damage 
to the sides and bottoms of the vessel is 
determined separately and then the total 
estimated spill 1s determined. 

In case of damage to the vessel the coefficient 


of probability of damage to cargo tank will be 


[12]: 
-{1-* ) l; ae 
te le. L, +1. 


where s; = 2,6 — the distance from the shell 


(4) 


plating to the side of the cargo tank, m; ft, = B/S 
= 10 - the transverse extent of the side damage, 
m; B = 48 — the width of the vessel, m; J; = 


33,6 — the cargo tank length, m; /, = yn 3 


14 — the longitudinal extent of the side 
damage, m; L = 274 — the length of the vessel, 
m; L, = 264 - the length between the front and 
rear extremities of the cargo tanks, m [7, 8]. 

Thus, the coefficient of the probability of 
damage to cargo tank due to damage to the 
vessel, calculated by the formula (4) is gq. = 
0,125. 

The amount of the projected spillage from 
the cargo tank in the result of the damage to the 
vessel [12]: 

QO. = de Vi» (3) 

where V; = 14841,2 m°> — the maximum 
capacity of a cargo tank [8]. 

Thus, the amount of the estimated spill from 
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OopTa cyHa, paccuuTaHHbI moO dopmysie (5), 
cocTaBHuT QO. = 1855,2 M. 
IIpu noppexyeHuu Hua cyiHa KoodduinMeHT 


BCpOATHOCTH MOBpeCo7K TCHUA Ipy30BOro TaHKa 
coctTaButT | 12]: 
h; (1, +1, ) a (i +1,)x (6 +b,) 
a=(I- K xt (L, +1,)x(B, +b (L, +1,)x(B, +8,)’ (6) 


roe h; = 2,64 — ssicota QBOMHOrO Ha, M3 Vs = 
BAS = 3,2 
NOBpexKeHHA Hua, M; B = 48 — wmpuna cya, 


— BepTWKaJIbHait IIPOTA2KEHHOCTL 


M; /; = 33,6 — yuImHa rpy30Boro TaHKa, M; J, = 0,20 
= 54,8 
NOBpexyeHua WHua, M; L = 274 — yymua cya, 


IIpOHOJIbHaA IIPOTA2KEHHOCTL 


M; 5; = 16,9 — wmpuna rpy30Boro TaHka, M; Db, = 
Blo = 8 
NMOBpexTeHuA THUIIa, M; L; = 264 — qimMHna Mex Ly 


momepeyHad lmpOTA*KEHHOCTb 
TlepeqHew UW 3aHeH OKOHEYHOCTAMUM Tpy30BbIX 
TaHKoB, M; B, = 42,8 — wiMpuHa rpy30BON 30HBI, M 
[7, 8]. 


TakuM o0pa30M, Koosd@uunMeHT BepOATHOCTH 


NOBpex CHA Tpy30Boro TaHka BBU LY 

NOBPEXKCHHA JHMIa CyIHa, paccCuMTaHHbIi 10 

(bopMysie (6), cocTaBsaeT g, = 0,0238. 
Koodduuent pa3sIMBa BBUJLY 


ruypoctaTuyeckoro W30bITOUHOrO aBJIeHHA B 
Tpy30BbIx TaHKax | 12]: 
p,(d—h,)x g -100Ap 


= 
a lLlxp. xh, x g 


(7) 


rae P- — HOMMHAIbHad WJIOTHOCTh HedTerpy3a, 
T/M: Ps = 1,025 — NNOTHOCTb MOPCKON BOJIEI, T/M: 
d = 17,02 — ocayka cyqHa Ip MOUHON 3arpy3Ke, 
M; A, = 20,72 — Bpicota crou0a rpy3a Hay, JHUIeM 


rpy30Boro TaHka, M; 4p = 0,05 — HanOdosbiiee 
HOPMaJIbHOe VW30bITOUHOe WaBJIEHHe B Tpy30BOM 
TaHKe, Oap; g = 9,81 — yckopeHue cBoodoHOrO 
ayjleHus, o/c?: 1,1 — KooImmuuneHyT, 


YUUTHIBAFOINIMM MpOMexKYTOYHbIe WOTepu, BOJIHCHHe 
MW upusue [7, 8]. 

TakuM oOOpa30M, JIA Ipy30BbIX TaHKOB 
KOIPDUUMeEHT pa3zIMBa BBUAY rHApOcTaTH4uecKOrO 
W30bITOUHOrO 8=6yaBJICHHA, paccCuHTaHHbIi 10 
(bopMysie (7), CocTaBsIAeT gy = 0,37. 

OObEM NpOorHo3HpyeMOro pa3IMBa W3 Ipy3OBbIxX 


TAHKOB IIpW NOBpex7eHHM Hua cyqHa [12], M 


QO, =4,° 91° V;- (8) 
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a cargo tank in the result of the damage to the 
vessel, calculated by the formula (5) is Q, = 
1855,2 m’. 

At damage to the bottom of the vessel, the 
coefficient of probability of damage to the 
cargo tank will be [12]: 

(1, +1, ) a (i, +1,)x (6, +8,) 


a=(! fet (L, +1,) (L, +1,)x(B, +b,)’ (6) 


where h; = 2,64 — the hints bottom height, 
m; v, = B/I5 = 3,2 — the vertical extent of 
bottom damage, m; B = 48 — the width of the 
vessel, m; /; = 33,6 — the cargo tank length, m; 
l, = 0,2 L = 54,8 — the longitudinal extent of 
bottom damage, m; L = 274 — the length of the 
vessel, m; b; = 16,9 — the width of the cargo 
tank, m; b, = B/6 = 8 — the transverse extent of 
bottom damage, m; L; = 264 - the length 
between the front and rear extremities of the 
cargo tanks, m; B,; = 42,8 — the cargo area 
width, m [7, 8]. 

Thus, the coefficient of the probability of 
damage to the cargo tank due to thebdamage to 
the bottom of the vessel, calculated by the 
0,0238. 

The spill factor due to the hydrostatic 


formula (6) 1s g;= 


overpressure in cargo tanks [12]: 


={= 
a rs x 2g 


(7) 


where p, - the nominal density of the oil 
cargo, t/m?: ps = 1,025 - the density of the sea 
water, t/m?: d = of 17,02 — the draught of the 
fully loaded ship, m; h, = 20,72 — the post 
height of cargo above the bottom of the cargo 
tank, m; 4p = 0,05 - the highest normal 
overpressure in the cargo tank, bar; g = 9,81 — 
free fall m/s*; 1,1 the 
coefficient, which takes into account interim 


acceleration, 


losses, the sea disturbance and tide rise [7, 8]. 
Therefore, for cargo tanks, the spill factor due 
to the hydrostatic overpressure, calculated by 
the formula (7) is g, = 0,37, 
The amount of the projected spillage from 
cargo tanks because of the damage to the 
bottom of the vessel [12], m: 


QO, =4,°%,°V;- (8) 


a 
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BbraucsIeHHbIM OObeM cocTaBH O, = 130,7 M. 
Takum 00pa30M, OOM MpOrHo3upyeMBIii pa3JIMB 
M3 Ipy30BbIX TAaHKOB Tp NoBpexeHHH OoptTa 
muuua cya, 
ommupHyeckou opmyse (3) [12], cocraBmaeT Qoon, 
= 820,5 m. 
KomMuecTBeHHoe BbIpaxkKeHHe pa3sIMBa TO Macce 


v/YsIM paccuMTaHHbIM = 110 


TIA WeperpyxKaeMbIx HeMTeiIpOYKTOB, C y4YETOM 
ux moTHoctTu [14], cocraBasaeT: Ma3yT — 815,7 T; 
BaKYYMHBIM ra30vib — 755,3 T; H3ebHoe 


TOMNMBO — 681,9 T. 


MakcHMaJIbHbId =pacueTHbIM = =pa3zmmB. =B 
KaueCTBe MaKCHMaJIBHOrO pacueTHOLO pa3JIMBa JIA 
CyqHa C JIBOMHbIM KOpITycoM (JBOMHbIM JIHOM U 


[9] 


IIPHHUMaeTcA pa3JIMB B KONMYecTBe 50% Byx 


JBOMHbIMH OOpTaMH) B COOTBeETCTBHH C 


CMOQOKHbBIX TAHKOB, KOTODBIM, YUIMTbIBAA 


MaKCUMAaJIbHYIO BMECTHMOCTh rpy30BOro TaHka V; 
HeMTelpOyKTOB, 
: . 3 

COCTaBJIAeT OOBEM, paBHBI 14841,2 m’, u Maccy, 


IJIOTHOCTB pa3sJIMBUOINXCA 


paBHyto: wia ma3sytra — 14755 T; BakyymMHoro 
ra3onia — 13662,8 T; Qu3embHOrO TONIMBa — 
12334,5 T. 


CoryacHO pa3JIMYHbIM JaHHbIM BePpOATHOCTb 
TaKOrO pa3uBa — | pa3 B 8000 net [12] usm | pa3 
B 167000 ser [15], MockombKy OnOpoxKHeHHe JByx 
TaHKOB BO3MO%KHO TOJbKO pH mepemome 
KPyYUHOTOHH@KHOrO TaHKepa Ha JIMHHOM BOJIHE. 
YuuTpipad HasMuue JBOMHOrO Kopiyca, WIA TakKux 
Cepbeé3HbIX MOBPexXTCHHHM HeEOOXOJHMbI OFpOMHBIe 
Harpy3KH Ha KOpIlyc, KOTOpble MOryT BO3HUKHYTb 
MCKJIIOUNTeJIBHO Ha rpeOHe WIM Y MOJOMBbI BOJIHbI 
BCJICICTBHe BO3JCHCTBHA BOJIH OnpeqeseHHOU 
MHI. YcNOBUA WiaBaHua CyOB B MOPCKHX 
moOepexba Poccun 


WOptTax 4epHOMOPCKOrO 


TlO3BOJLALOT JOIYCTUTb TMMOTeETHUeCKYFO 
BO3MO2%KHOCTb MOJOOHbIX TOBPexKCHHM TOJIbKO Ha 
moyzxoye K WOPTy Ha BHeIHeM pense [15]. 
UtoroBble pe3yJIbTaTbI KOJIM4CCTBEHHOU OILCHKU 
MacluTao0oB IIPOrHO3SMpyeMBIxX aBapHUHbIX 
pa3HBOB HedTelmpoxyKTOB pu Ux MepeBasike Ha 
AKBaTOPHAX PeCHOBbIX Teperpy304UHbIX PaHOHOB 


MOPCKHX TIOPTOB CBeJICHbI B TAOJIUILY. 
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The calculated volume was Q, = of 130,7 m°. 
Thus, the total projected spill from cargo 


tanks because of the damage to the board and/or 
the bottom of the vessel, calculated by the 
empirical formula (3) [12], is Qo6y = 820,5 m°. 
A quantitative expression of the spill by the 
weight of the oil transshipped, with regard to its 
density [14], is for oil — 815,7 t; vacuum gas 
oil — 755,3 t; diesel fuel — 681,9 t. 
The The 


maximum calculated spill for the vessel with 
double hull (double bottom and double sides) 


according to [9] is the spill in the amount of 


maximum calculated _ spill. 


50% of two adjacent tanks, which, given the 
maximum capacity of cargo tanks Vi and the 
density of the spilled oil, is a volume of 
14841,2 m’, and a mass for oil — 14755 t; for 
vacuum gas oil 13662,8 t; for diesel fuel — 
12334,5 t. 

According to various reports, the probability 
of such spill — 1 time in 8000 years [12] or 
once in 167000 years [15], since the emptying 
of the two tanks is only possible when there 
occurs the fracture of large tankers on long 
wave. Given the presence of the double hull, 
such serious injuries require huge loads on the 
hull, which can be only on the crest or at the 
foot of the wave due to the impact of waves of a 
certain length. The conditions of navigation in 
seaports of the Black sea coast of Russia allow 
the hypothetical possibility of such damages 
only on the approach to the port in the outer 
roads [15]. 

The results of the quantitative assessment of 
the extent of the predicted disaster of oil spills 
during transshipment in the waters of the 
roadstead transshipment areas of seaports are 


Summarized in the table. 


ry ) / 





Table 
Tadmuna 


PacuéTHble XapaKTepHCTHKH MpOrHO3HpyeMBIX aBaPHHMHBIX pa3sIMBOB HeTelMpOYKTOB 
Calculated characteristics of the predicted disaster of oil spills 


McTrouHnk 
pa31uBa / Sourse of the spill 


Yteuka He@TelMpowyKTOB B_ pe3yIbTaTe 
MaJloro HOBpexKeHHA MWeperpy304HOoro 
wianra / Ooil spills as a result of a small 
damage to a handling hose 


Yteuka HeQ@TelmpoAyKTOB B pe3yIbTaTe 
llepesiuBa Tpy30Boro TaHKa cyqHa Ip 
norpy3Ke / Oil spills as a result of 
overfilling of a cargo tank of the vessel 
during loading 

Yteuka He@TelMpoAyKTOB B_ pe3yIbTaTe 
YaCTHYHOIO = pa3pbiBa leperpy304uHOro 
wianra / Oil spills as a result of partial 
tear of a handling hose 


Yteuka HedTempoxyKTOB B pe3yIbTaTe 
TIOJIHOTO pa3pbiBa lleperpy304HOro 
aHra pu nworpy3Ke cygwHa / Oil spills 


as a result of a complete tear of a handling 
hose during the loading of the vessel 
Ytreuka He@TelpoAyKTOB B_ pe3ybTare 


TOJIHOrO pa3pbiBa lleperpy30uHoro 
WlaHra pu BbIrpy3Ke cyqHa / Oil spills 
as a result of a complete tear of a handling 
hose during the unloading of the vessel 
Yteuka He@TelpoOAyKTOB B_ pe3yyIbTaTe 
NOBpexKTeHHA Oopta H/uIM THUIIAa cynHa / 
Oil spills as a result of damage to the sides 
and/or bottoms of the vessel 


50% onopoxHeHHe 
TaHKOB IIpH UX HOBpexJeCHHH B 
pe3yibTare wepemoma cyyHa / 50% 
emptying of the two adjacent tanks when 
they are damaged as a result of the 
fracture of the vessel 

Yteuka He@TelpoOAyKTOB B_  pe3yIbTaTe 
YaCTHYHOIO pa3pbiBa eperpy304uHOoro 


ABYX CMC7KHbIX 


wiuaHra / Oil spills as a result of partial 
tear of a handling hose 
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Tun HemtTenpoxykKra 
/ Oil product type 


J[u3eJIbHOe TOLJIMBO / 
Diesel fuel 
BakyyMHBbIii ra30WJIb / 
Vacuum gas oil 

Masyt/ Fuel oil 
J[u3eJIbHOe TOLJIMBO / 
Diesel fuel 
BakyyMHBbIii ra30WJIb / 
Vacuum gas oil 
Mas3yt/ Fuel oil 
J[u3eJIbHOe TOLIIMBO / 
Diesel fuel 
BakyyMHBbIii ra30WJIb / 
Vacuum gas oil 
Ma3ytr/ Fuel oil 
J[u3eJIbHOe TOLJIMBO / 
Diesel fuel 
BakyyMHBbIii ra30WJIb / 
Vacuum gas oil 
Ma3yr/ Fuel oil 
J[u3eJIbHOe TOLJIMBO / 
Diesel fuel 
BakyyMHBbIii ra30WJIb / 
Vacuum gas oil 
Ma3yt/ Fuel oil 
J[u3eJIbHOe TOLJIMBO / 
Diesel fuel 
BakyyMHBbIii ra30WJIb / 
Vacuum gas oil 
Ma3yr/ Fuel oil 
J[u3eJIbHOe TOLJIMBO / 
Diesel fuel 
BakyyMHBbIii ra30WJIb / 
Vacuum gas oil 
Ma3ytr/ Fuel oil 


J[u3eJIbHOe TOLJIMBO / 
Diesel fuel 
BakyyMHBbIii ra30WJIb / 
Vacuum gas oil 
Ma3ytr/ Fuel oil 


-ru 


Ko.mm4ecrBo, 
TOHHbI 
/Quantity, 
tons 


OO0nbeéeM, Me 
/Volume, m° 


12334,5 
13662,8 


14755 
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Sakmo4eHHe. Iipou3sBeqeHa KkoOuM4YeCTBeHHAA 
OI[CHKa BePOATHBIX OOBEMOB UH Macc aBapHiHbIx 
pa3IMBOB TaKHX HedTenpOyKTOB, Kak Ma3yT, 
BaKYYMHBIM Ta30MJIb UH H3eIbHOe TONJIMBO B 
3aBHMCHMOCTH = OT 


IIPOTHO3MpyeMbIX  YyCJIOBUM 


BOSHHKHOBeCHHA aBapHWHbIx cuTyallun, 
BKJINOUAIOINIMX pa3IM4Hble BUAbI MOBpexTCHHA 
Y3JIOBBIX KOMIIOHCHTOB IlepeJIMBHOTO 
oOopyHoBaHHA pH TWpoBeyeHuu Torpy304uHo- 
pa3srpy30UHBIX onepalMw MexYyY  cyyaMu. 
Ilomy4eHuble B padoTe pe3ysIbTaTbI pacuéTOB MOTYT 
ObITb HMCIOJIb30BaHBI WA COCTaBJICHHA 


3a01arOBPeCMeHHBIX MpOrHO30B 4pe3BbIdaMHbIx 


cuTyallun, OOYCJIOBJICHHBIX pa3IMBaMu 


He@TeCHpOAYKTOB Ha aKBaTOpHM  pelOBbIx 


Tleperpy304HbIX paMOHOB MOPCKHX  IIOpTOB 


yepHomMopcKoro WodepexbaA Poccuu uw TpHHATHA 


HeEOOXOTMMBIX Mep Oe30TaCHOCTH TUIA 


Ipeyipex CHUA YKa3aHHbIxX pa3JIMBOB. 
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Conclusion. The authors have conducted 


quantitative assessment of the probable 
volumes and masses of accidental spills of 
petroleum products such as fuel oil, vacuum 
gasoil and diesel fuel depending on _ the 
predicted conditions of emergencies, including 
different types of damage to the components of 
transshipment equipment during loading and 
ships. The 


obtained results of calculations can be used to 


unloading operations between 
make early forecasts of emergencies caused by 
oil spills in the waters of the roadstead 
transshipment areas of the seaports of the Black 
sea coast of Russia and to take the necessary 


security measures to prevent these spills. 
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